ABSTRACT The salivary proteins of Anopheles darlingi Root, the principal vector of malaria in the Amazon Region, Brazil, were analyzed. Comparison of the protein proÞles between adult males and females revealed that most of the polypeptides are present in both sexes, but female-speciÞc polypeptides also were observed. SDS-PAGE analysis of sugar-fed female mosquitoes with ages varying from 1 to 10 d after adult emergence indicated that the proteins start to be accumulated in the Þrst day of life and are present throughout the period analyzed. Analysis of blood-fed mosquitoes showed no differences in salivary proteins when compared with sugar fed ones, suggesting that there is no speciÞc protein induced by blood. The protein proÞles of the salivary glands dissected from wild-caught female mosquitoes from different geographical regions of Brazil were compared and some differences were observed.
MALARIA REMAINS A serious health problem in the Amazon Region as a result of massive immigration, especially by miners, and colonization of the forest close to rivers (Walsh et al. 1993 , Tadei et al. 1998 ). More than 99% of the malaria cases reported in Brazil occur in the Amazon, transmitted by anopheline species from the subgenera Nyssorhynchus (Deane 1986) .
Anopheles (N.) darlingi Root is the primary malaria vector in Brazil and it is the most endophilic and anthropophilic species of anophelines among the Amazonian ones (Deane 1986 , Lourenç o-de-Oliveira et al. 1989 . The geographic distribution of these mosquitoes extends from southern Mexico to northern Argentina and their distribution and density are clearly related to malaria transmission (Forattini 1962) . In addition, this species has been found infected by Plasmodium vivax and Plasmodium falciparum, the two most important human malaria parasites. Few studies have been conducted with this species mainly because of the absence of mosquitoes colonies adapted to the captivity.
The main focus of attention on vector salivary glands is their role in blood feeding and the transmission of disease agents. The saliva facilitates blood vessel location and blood ingestion, and is also the vehicle through which virus and parasites are transmitted to vertebrate hosts (Ribeiro 1995) . Besides that, saliva is the medium to dissolve food and provides enzymes to initiate digestion James 1990, Stark and James 1996) . The salivary gland secretions may also play a role as a lubricant of the mouthparts and may prevent infection of it (Moreira-Ferro et al. 1998) .
Furthermore, insect vector saliva has been shown to interact and modulate the vertebrate host immune system, in a way that facilitates the establishment of viruses and parasites infections (Lima and Titus 1996 , Osorio et al. 1996 , Edwards et al. 1998 .
Previous work has used electrophoretic techniques to study mosquito salivary glands and saliva proteins. From 19 to 25 major polypeptides have been reported in the salivary glands extracts of adult female mosquitoes (Mellink and van Zeben 1976 , Poehling 1979 , Racioppi and Spielman 1987 , Al-Ahdal et al. 1990 , Brennan et al. 2000 , Nascimento et al. 2000 . The number of secreted products varied from 12 to 16 (Racioppi and Spielman 1987, Al-Ahdal et al. 1990 ). The synthesis of these proteins starts soon after adult emergence. However, analysis of the protein proÞle of different mosquitoes revealed that in some species all polypeptides are present in the salivary glands since the Þrst day of adult life (Poehling 1979) , while in others the glands become mature, presenting all the salivary proteins, only at the third or Þfth day after adult emergence (Racioppi and Spielman 1987 , AlAhdal et al. 1990 , Brennan et al. 2000 . There are few studies that correlate these polypeptides with the several described enzymatic and pharmacological activities found in the mosquito saliva.
The biochemical and morphological characterization of A. darlingi salivary glands is important for the understanding of vector biology and its interactions with the transmitted parasites. Here we show our initial Þndings on the salivary gland proteins of A. darlingi.
Materials and Methods
Mosquitoes. Adult females of Anopheles darlingi species were wild-caught in Porto Velho, State of Rondô nia, Brazil (8Њ 49Ј S, 63Њ 54Ј W; Fig. 1 ). Taxonomic identiÞcation was done according to Faran (1980) and Faran and Linthicum (1981) . Captured females were blood-fed on quails and maintained in the insectary until oviposition. After eclosion, larvae were fed with Þnely ground Þsh food (TetraMin). Pupae were transferred to tap water and placed in screened cages until the adults emerged. Adults were maintained with 10% sucrose (wt:vol) and blood-fed when needed. Salivary glands were dissected under a stereoscopic microscope in 0.15 M NaCl and transferred to the appropriate buffer before assays.
Adult female A. darlingi from Dourado, São Paulo State (22Њ 06Ј S, 48Њ 19Ј W) and from Peixoto de Azevedo, Mato Grosso State (10Њ6Ј S, 55Њ 31Ј W) also were used (Fig. 1) .
Protein Quantification. The soluble proteins were quantiÞed according to Bradford (1976) , using the dye Comassie Brilliant Blue G-250. QuantiÞcations were performed in micro-titer plates, in a Þnal volume of 200 l, with the Bio-Rad Protein Assay (Bio-Rad) Þve-fold diluted. The absorbance was determined in an ELISA reader at 595 nm. The protein concentration was determined based on a bovine serum albumin (BSA) standard curve. For each determination were used either a pool of three pairs of female salivary glands or a pool of 20 pairs of male salivary glands.
SDS-PAGE and Protein Staining. Proteins dissolved in 60 mM Tris-HCl, pH 6.8, containing 2.5% SDS (wt: vol), 0.36 M ␤-mercaptoethanol, 0.5 mM EDTA, 10% glycerol (vol:vol), and 0.005% bromphenol blue (wt: vol) were resolved by SDS-PAGE (Laemmli 1970) and afterwards silver stained (Morrissey 1981) .
All the analytical chemicals were purchased from Sigma (St. Louis, MO) and Bio-Rad Laboratories (Hercules, CA).
Results and Discussion
The protein contents of whole A. darlingi salivary glands were quantiÞed. Each female salivary gland pair contains 0.53 Ϯ 0.04 g of protein (mean Ϯ SEM; n ϭ 10), and males contain Ϸ0.03 g of protein (average of two determinations). These values are consistent with the morphological differences observed between the salivary glands of males and females. While three distinct lobes comprise the female glands, male glands consist of a single small lobe (MoreiraFerro et al. 1999) . These morphological and protein content differences have been observed in other mosquito species and have been related with the different feeding habits of males and females (Marinotti et al. 1996 , Stark and James 1996 , Nascimento et al. 2000 .
SDS-PAGE analysis of the polypeptides present in the salivary glands of sugar fed female and male mosquitoes was performed (Fig. 2) . Most of the polypeptides detected in the female glands were also detected in the male glands. The analysis of the female salivary gland proteins revealed the presence of Þve major polypeptides with molecular weights of 69.2, 58.9, 52.2, 42.6, and 37.9 kDa. The 69.2-kDa polypeptide is the major stained band, present in both sexes. The 58.9 and 52.2 kDa polypeptides also are heavily stained, and are observed only in females. The 42.6 and 37.9 kDa polypeptides, although detectable in both male and female glands, are mainly synthesized in females. In contrast to what is observed in Aedes and Culex mosquito species, there is no major protein component of 
Fig. 2. Electrophoretic proÞles of adult male and female
Anopheles darlingi salivary glands polypeptides. Ten pairs of sugar fed female salivary glands or 15 pairs of male salivary glands were submitted to SDS-PAGE in an 8% polyacrylamide gel and the polypeptides were silver stained. Relative molecular weights in kilodaltons and positions of the major polypeptides from the female salivary glands are indicated on the right side of the picture. the salivary glands of A. darlingi males and females that accounts for almost 50% of the total salivary gland proteins (Racioppi and Spielman 1987 , Al-Ahdal et al. 1990 , Nascimento et al. 2000 . Individual salivary glands from sugar-fed mosquitoes were analyzed and no polymorphism in the protein proÞle was observed (data not shown).
The electrophoretic pattern of the salivary proteins from sugar-fed female mosquitoes (F1 generation), with ages varying from 1 to 10 d after adult emergence, indicated that the proteins start to be accumulated at the Þrst day of adult life and are detected throughout the period (Fig. 3) . The protein pattern of female salivary glands does not vary qualitatively during the Þrst 10 d of adult life. The differences in the amount of proteins in the proÞle of each age reßect an increase in the amount of protein in the glands of older mosquitoes. In Anopheles stephensi, Culex pipiens and Culex quinquefasciatus, it was also observed that the major polypeptides are present in the salivary glands since the Þrst day of adult life (Poehling 1979 , Nascimento et al. 2000 . Differences in the amount of the proteins in older mosquitoes, as observed in Anopheles darlingi, were also described in these species. In Culex molestus and Aedes aegypti, the protein proÞle of the salivary glands of recently emerged females reveals few polypeptides and only in the third day after emergence can all the major polypeptides be detected (Racioppi and Spielman 1987, Al-Ahdal et al. 1990 ).
The protein proÞle of the salivary glands of sugarfed female mosquitoes also was compared with that of blood-fed ones (Fig. 4) . The major polypeptides described in the glands of sugar-fed mosquitoes (indicated in Fig. 2 ) are also present in the blood-fed ones. Analysis of the protein proÞle at different times after the blood meal showed no differences indicating that probably there is no speciÞc protein whose synthesis is induced by blood.
We analyzed the salivary glands of female mosquitoes from three different regions in Brazil (Fig. 5) . The protein proÞle is identical in all populations, except for two polypeptides. In the Dourado population a 50.7-kDa polypeptide was detected, that was not seen in the other populations. Another polypeptide with molecular weight of about 55 kDa, showed different relative mobilities of 0.438, 0.445, and 0.442 in Dourado, Porto Velho and Peixoto de Azevedo, respectively (Fig. 5) .
Previous studies comparing several A. darlingi populations have shown that Dourado population may be a sibling species (Kreutzer et al. 1972 , Rosa-Freitas et al. 1992 , Freitas-Sibajev et al. 1995 , Malafronte et al. 1999 . Results from cytological studies revealed signiÞcant genetic differentiation between A. darlingi from Amazonas State and Dourado (Kreutzer et al. 1972) . Using cuticular hydrocarbons and isoenzymatic patterns, Rosa-Freitas et al. (1992) obtained indications of intraspeciÞc variation between A. darlingi from Rondô nia and Dourado. These same authors compared the cycle of biting activity of geographically distinct A. darlingi populations. In Dourado, where malaria is not endemic, females displayed an exophilic behavior and trimodal biting cycle, whereas females from malaria areas such as Rondô nia were endophilic, exhibiting a bimodal biting cycle. In another study, our group analyzed the second internal transcribed spacer (ITS2) of ribosomal DNA of A. darlingi captured in distinct regions of Brazil. The ITS2 sequences of mosquitoes from North and Northeast were almost identical, and differed 4 Ð5% from mosquitoes captured in Dourado (Malafronte et al. 1999) . Together, these data suggest that the Dourado A. darlingi population may be a morphologically similar sibling species related to the North ones, which has evolved under different selective pressures.
Recently we described the morphology of A. darlingi salivary glands (Moreira-Ferro et al. 1999 ) and now we have conducted an electrophoretical analyses of salivary gland proteins. The morphological and biochemical characterization of A. darlingi salivary glands are basic steps toward the understanding of mosquitoparasite interactions.
